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Description 

[CAS DISTRIBUTING SYSTEM FOR 
DELIVERING PLASMA GAS TO A WAFER 
REACTION CHAMBER] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91124147, filed October 18, 2002. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to a gas distributing system 
for controlling a flow of plasma gas into a reaction cham- 
ber. More particularly, the present invention relates to a 
gas distributing system having a set of flow control valves 
for adjusting flow parameters so that the distribution of 
plasma inside the reaction chamber is optimized to pro- 
duce the best etching or deposition a wafer can receive. 

[0004] Description of Related Art 

[0005] As the fabrication of sub-micron integrated circuits (IC) 



matures, the size of a raw wafer is also increased (from 8 
inches to 12 inches). To fabricate high quality wafers, the 
distribution of plasma gas inside a reaction chamber must 
be properly controlled. Since single wafer reaction cham- 
ber has many advantages, plasma etching or thin film de- 
position is often carried out inside such chambers. How- 
ever, the distribution of plasma gas inside the reaction 
chamber is an important factor that determines the ulti- 
mate quality of the processed wafer. 
[0006] a conventional semiconductor processing, such as wafer 
dry etching or plasma etching or thin film deposition, is 
achieved through reaction of gaseous chemicals delivered 
to the surface of a wafer via a gas distribution system into 
a reaction chamber 100 as shown in Fig. 1. Gas running 
inside a delivering pipe 102 is partially separated through 
a gas nozzle 104 before passing into the reaction cham- 
ber 100 through an upper electrode panel showerhead 
106. Fig. 2 is a top view of the upper electrode panel 
showerhead 106. The showerhead 106 includes an array 
of uniformly distributed gas holes 108 for distributing 
gaseous reactants uniformly to each corner of the reaction 
chamber 100. However, in the plasma etching or thin film 
deposition process, etching or deposition thickness may 



vary somewhat according to local processing parameters 
(including, type of gaseous reactants, temperature, pres- 
sure and etching or depositing height). For example, the 
amount of processing received by the central area of 
wafer may differ from the peripheral area by up to 30%. In 
general, parameters including temperature and pressure 
can be directly and precisely adjusted through the semi- 
conductor processing station. Yet, the distribution of 
plasma gas inside the reaction chamber 100 can only be 
achieved by re-designing of the pattern of gas holes 108 
on the upper electrode panel showerhead 106. To prevent 
any variation of process parameters between the central 
region and the peripheral region of a wafer after an etch- 
ing or material deposition process, an upper electrode 
panel showerhead with a properly patterned set of holes 
must be selected to reflect the actual fabricating condi- 
tions. However, the processing station needs to shut down 
before changing the showerhead. This not only slows 
down the utilization of the processing station but also in- 
creases the production cost. 
Summary of Invention 

[0007] Accordingly, one object of the present invention is to pro- 
vide a gas distributing system for distributing plasma gas 



inside a wafer reaction chamber in such a way that a wafer 
inside the reaction chamber is uniformly processed. 

[0008] Another object of this invention is to provide a gas dis- 
tributing system having a setting for adjusting the flow of 
plasma gas inside a reaction chamber so that the same 
degree of uniformity can be achieved for a wafer under- 
going different fabrication process. 

[0009] Another object of this invention is to provide a method of 
monitoring and automatically adjusting the flow of gas 
plasma from a gas pipeline to a reaction chamber accord- 
ing to the setting of a particular fabrication process. 

[0010] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a gas 
distributing system for delivering plasma gas to the gas 
reaction chamber of a semiconductor wafer processing 
station. The gas distribution system includes a main gas 
distribution conduit linked to a gas separator having a 
first and a second gas distribution conduit, a first flow 
control valve along the first gas distribution conduit for 
controlling the flow of gas through the first gas distribu- 
tion conduit, a second flow control valve along the second 
gas distribution conduit for controlling the flow of gas 



through the second gas distribution conduit, a first nozzle 
and a second nozzle located at the outlet of the first and 
the second gas distribution conduit, a gas barrier between 
the first and the second nozzle for isolating the gas pass- 
ing out from the first and the second nozzle, and an up- 
per electrode panel distributor having a first set of gas 
holes and a second set of gas holes such that gas from 
the first nozzle is output to the reaction chamber via the 
first set of gas holes and the gas from the second nozzle 
is output to the reaction chamber via the second set of 
gas holes. 

[0011] The aforementioned gas distribution system further in- 
cludes a control system having a controller for controlling 
the first and the second flow control valves and a first and 
a second gas flow detector located along the first and the 
second gas distribution conduit for detecting the volume 
flow rate of gas inside the first and the second gas distri- 
bution conduit and sending corresponding signals to the 
controller. 

[0012] | n t ne embodiment of this invention, the gas flow detector 
includes a heated coil and the flow control valve includes 
a manually adjustable valve. The first set of gas holes is 
located in the central region of the upper electrode panel 



distributor and the second set of gas holes is distributed 
in the peripheral region of the upper electrode panel dis- 
tributor. The gas barrier includes O-rings made from rub- 
ber or plastic material. The O-rings may also be fabri- 
cated using a corrosion resistant material including 
Teflon. The first set of gas holes is positioned evenly on 
the upper electrode panel distributor and the second set 
of gas holes is position evenly on the upper electrode 
panel distributor. 
[0013] it j S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0014] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0015] pig. 1 is a schematic side view showing a conventional gas 

distribution system atop a wafer reaction chamber. 
[0016] pig. 2 is a top view showing the distribution of gas holes 



on a conventional upper electrode panel distributor. 
[0017] pig. 3 is a schematic side view showing a gas distribution 

system atop a wafer reaction chamber according to one 

preferred embodiment of this invention. 
[0018] pig. 4 is a cross-sectional view showing vias for connect- 
ing different metallic layers inside a wafer. 
[0019] Fig. 5 is a diagram showing the internal construct of a gas 

separator of the gas distribution system according to a 

first embodiment of this invention. 
[0020] Fig. 6 is a circuit showing a conventional Whetstone 

bridge structure. 
[0021] Fig. 7 is a flow chart showing the steps for operating the 

gas distribution system according to this invention. 
[0022] Fig. 8 is a diagram showing the internal construct of a gas 

separator of the gas distribution system according to a 

second embodiment of this invention. 
Detailed Description 

[0023] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 



[0024] pig. 3 is a schematic side view showing a gas distribution 
system atop a wafer reaction chamber according to a pre- 
ferred embodiment of the present invention. The plasma 
gas reaction station in Fig. 3 includes a main gas distribu- 
tion conduit 202 and a reaction chamber 200. The gas 
distribution conduit 202 for delivering gas into the reac- 
tion chamber 200 first joins up with a gas separator 203. 
The gas separator 203 has two separate output conduits 
2021 and 2022. The conduit 2021 is connected to a set of 
gas nozzles 2041 close to the central region of a top plate 
204 and the conduit 2022 is connected to a set of gas 
nozzles 2042 distributed around the peripheral region of 
the top plate 204. Gas from the gas nozzles 2041 is pre- 
vented from mixing with gas from the gas nozzles 2042 
through an O-ring 205 in the top plate 204 above an up- 
per electrode panel distributor 206. A pair of flow control 
valves 2071 and 2072 controls the gas flow rate through 
the pipelines 2021 and 2022 respectively. By controlling 
the flow of gas through the conduits 2021 and 2022, dis- 
tribution of gas inside the reaction chamber 200 after go- 
ing through the gas holes 208 on the upper electrode 
panel distributor 206 can be tuned to whatever processing 
conditions one demands. The O-ring 205 can be fabri- 



cated using elastic material including rubber or plastic if 
the plasma gas used for the reaction is non-corrosive. 
However, if the plasma gas is corrosive, the O-ring 205 
must be fabricated using a corrosion-resistant substance 
including, for example, Teflon. 
[0025] pig. 4 is a cross-sectional view showing the fabrication of 
vias (vial 402 and via2 404) for connecting different 
metallic layers inside a wafer by plasma etching. Although 
the gaseous etchant used for the etching operation is Cl^ 
or BC1 3 , a first metallic layer (Metal 1) 406 and a second 
metallic layer (Metal2) 408 have different thickness. 
Therefore, if the same etching parameters for etching the 
first metallic layer 406 is used to etch the second metallic 
layer 408, the degree of etching between a central portion 
and a peripheral portion of the wafer may differ so much 
that an acceptable limit is exceeded. On the other hand, if 
the flow control valves along the gas distribution conduit 
202 is adjusted to change the flow rate of gas to the cen- 
trally located nozzles 2041 and peripherally located noz- 
zles 2042, the distribution of plasma gas inside the reac- 
tion chamber 200 will also change. Ultimately, difference 
between central and peripheral portion of a wafer due to 
etching may be reduced. With the gas distribution system 



of this invention installed atop the reaction chamber 200, 
there is no need to dissemble and install another upper 
electrode panel distributor 206 for each new wafer pro- 
cessing operation. 
[0026] pig. 5 is a diagram showing a preferred embodiment of an 
internal construct of the gas separator according to the 
first embodiment of this invention. As shown in Fig. 5, the 
gas separator 203 includes an inflow gas conduit 301 and 
two outflow gas conduits 302 and 303, gas control valves 
304, 305 along the gas conduits 302 and 303, and control 
circuits 306, 307 for controlling the control valves 304 
and 305 respectively. For example, as gas from a gas 
supply is passed into the conduit 301, the gas branches 
out into two streams. One stream goes into the conduit 
302 while the other stream goes into the conduit 303. 
Each gas conduit (302 or 303) has a corresponding gas 
flow detector 308 or 309 that monitors the gas flow rate 
and feeds back a signal to a main control system for com- 
paring with a reference value. If there are any discrepan- 
cies between the feedback signal and the reference value, 
the main control system may send a signal to the gas 
control valves (304 and 305) to adjust the flow rate inside 
the conduits 302 and 303. Hence, the flow rate between 



the two conduits can be set to whatever ratio one desired. 
The gas flow detectors 308 and 309 can be heated coils, 
for example. Gas passing by a heated coil will carry heat 
away and hence the amount of heat carried away depends 
on the gas flow rate. Any change in the temperature will 
alter the resistant of the coil. The control circuits 306 and 
307 for controlling the valves (304 and 305) can have a 
Whetstone bridge structure as shown in Fig. 6. A gas flow 
rate inside the conduits (302 and 304) can be determined 
by monitoring the resistance in heated coils. With suitable 
calibrations, the gas flow rate inside the conduits 302 and 
303 can be set to any desired values by adjusting the 
control valves 304 and 305. 
[0027] pig. 7 is a flow chart showing steps for operating the gas 
distribution system according to this invention. First, a 
gas flow rate inside the gas distributing conduits and per- 
missible deviation ratio of the volume flow ratio is deter- 
mined according to a specified wafer processing operation 
(in step 701). Thereafter, the actual gas flow rate inside 
the conduits is detected and then the detected values are 
returned to the control system (in step 702). The control 
system computes a dynamic deviation ratio by combining 
the detected value and the preset value and then com- 



pares the dynamic deviation ratio with the permissible de- 
viation ratio (in step 703). If the dynamic deviation ratio is 
positively greater than the permissible deviation ratio, a 
signal from the control system is sent to the control valve 
for reducing the gas flow rate inside the conduit (in step 
704). However, if the dynamic deviation ratio is negatively 
greater than the permissible deviation ratio, a signal from 
the control system is sent to the control valve for increas- 
ing the gas flow rate inside the conduit (in step 705). If 
the dynamic deviation ratio is smaller than the permissible 
deviation ratio, this indicates that the gas flow rate inside 
the conduit is normal. Under this condition, the control 
system no longer sends any signal to the control valve to 
adjust the gas flow (in step 706). 
[0028] pig. 8 is a diagram showing the internal construct of a gas 
separator of the gas distribution system according to a 
second embodiment of this invention. The gas separator 
203 in Fig. 8 includes gas conduits 301, 302, 303 and 
flow control valves 304" and 305". Similar to the first em- 
bodiment, gas flowing into the main conduit 301 
branches out into two streams, one going to the conduit 
302 and another going to the conduit 303. The flow con- 
trol valves 304" and 305" along the conduits 302 and 303 



are manually controlled valves. Unlike the first embodi- 
ment that includes detectors (308 and 309) for monitoring 
the gas flow inside the conduits (302 and 303) and control 
circuits (306 and 307) for adjusting valve positions, the 
second embodiment only includes two manually operated 
valves (304" and 305") to reduce production cost. Never- 
theless, the desired plasma gas distribution can still be 
obtained without changing any hardware inside the reac- 
tion chamber even in the absence of any control circuits 
and detectors. 

[0029] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



